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ACTIVE  Cllf^S  II  AS  ACKTMB  FLAMS 
-SSSB** 

[Following  is  the  translation,  of  an  article  by.  la.  Koe« 
drat*  ywa  "and  V.  Koadrat»y@v  entitled  “Aktivayye  tsmtry 
v  plameni  ateetilena*  (fcigliah  version  above)  in  Z|m?Ja^ 
Flzicheskcy  Khisdi  (Journal  of  Physical  (%xmAstry)t  fol 
XXX,  Ho  ?,  Moscow,  1947,  pages  ?6l«?68.3 


= The  sueessful  application  of  a  catalytic  method 
to  the  detection  and  measurement  of  the  concentration 
of  atoms  of  hydrogen  in  hydrogen  flames  (1)  has  made 
it  possible  for  one  to  expect  the  method' to  he  effect¬ 
ive  ’-also  for  measurements" of  other  flames.  Of  espec¬ 
ial,  interest  are  the  flames  of  hydrocarbons  in  view  of 
the  extensive  theoretical  and  practical  significance 
which  the  mechanisms  of  these  reactions  hold.  For  this 
reason  every  new  experimental  method  here  is  especially 
valuable! 


Experimental  Procedures 

In  order  to  avoid  the  high  temperatures  which  are 
characteristic  of  acetylene  flames,  we-  studied  acetylene- 
air  flames,  as  before,  under  pressures  of  several  milli¬ 
meters  of  mercury  (the  ^et  .method) .  Ihe  same  reaction 
vessel  and  the  same  thermocouple  were  used  as  in  our  pre¬ 
vious  experiments'  with  hydrogen  flames.  As  a  catalyst, 
we  used  Zn0*Cro0-2«  •  fhe  acetylene  was  obtained  by  the 
action  of  water  ^ on  powdered  calcium  carbide  and  after 
probul •kivanie  £?  7  through  solutions  of  potassium  di¬ 
chromate  ,  sodium  Hydroxide ,  and  ooppdr  nitrate ,  it  was 
collected  in  a.  gasometer  with  &  saturated  aqueous  solu¬ 
tion  of  sodium  chloride.  Before  entering  the  reaction 
.vessel  the  acetylene  was.  dried  out  with  phosphoric  an-  j 


1 


The  sir  was  contained  in  a  separate  gasometer 

K wm also toied  (®l&ric  acid  sn4 

•  '  Dry  acetylene  and  air  ware  supplied  t&x  oag^.  a 
TOi«g  which  regulated  their  rate  of  feed  esc.,  nence  th* 
cSpo^MoS  of^th©  reaction' mixture  and  the  pressure  in 
thi  reaction  vessel,  and  entered  intp  -toe  mixer  am 
then  into  the  reaction  vessel.  From  yne  latter  the.  ,g-~ 
was  evacuated  by  an  oil  pump,  which  gas  then passe a 
Oh?  voIuisl©  of  trap  cooled  oy  xxqiixd  xn 
wbidh'were  condensed  the  regaining  uis.eoi5.swa.  ao-etyx ana  » 
carbon  dioxide,  water,  and  other  condensable  products 

of  the  essura  £n  the  reaction  vessel  was  meas¬ 

ured  by  a  manometer  filled  with  paraffin  oil ;  •  upon  coh~ 
version  into  millimeters  of  a  mercury  column^  the  iuvw®.~ 
ted  manometer  yielded  a  figure  of  ibo  iequax  Jo 
ratio  of  the  density  of  mercury  to  oxij.  *ht,  temp*-*** 
fare  in  the  interior- of  the- reaction  vessel  was  measured 
with  the  aid  of  the  two  thermocouples  ( oo^truiliM^/ ^ . 
which  consisted  of  a  thermo-electric  probe,  j&e  *nA  of 
the  second  thermocouple  was  plated  f'or^a  length  oa  Ji-  > 
millimeters  with  Zn0*0r90,.  .The  experiments  were 
ducted  at  pressures  in  w^!ie  interval  oi  ®  )l  ^ 

at  temperature s  of  650-800  0  ^maximum  temperat area 

which  correspond  to  the  center  of  the  reaction  zone) , 

Ind  with  compositions  of  acetylene-air  mixtures  eorres- 
ponding  to  v&Xti6S  of  <p£&Elity 

0  'Or 

((0o)  and  (C,>E0)  are  the  volumes  of  oxygen  and  acetylene 
entlring  eac&  Second  into  the  reaction^ vessel  from  0.^6 
(rich  mixtures)  to  6.5$-  (poor  mixtures) . 


We  observed  the  maximum  Initial  heating ,  *?*>•!  2*1 was 
measured  -at  a  variety  of  temperatures  by  the  catalytic 
and  control  thermocouple ,  namely  the  quantity  /I  I  ,  whxCh 
comprised  several  tens  of  degrees.  First  of  all  it,  .  • 
to  he  satisfied  that  these  initial  headings  were 
ent  on  the  recombining  active  •  centers  anu  not  on  taf  he« 
erogeneous  reaction  arising  on  the  surface  of  t>he 
ivst.  The  recombining  character  of  the  mitxax  gating 
is  clearly  seen  in  the  damping  action  of  the  probe,wM.eh 
includes  a  considerable  lessening  of  the  orighfcnews  *»i 
the'  flam®  uuoe  the  introduction  of  the  probe  into  ^ t„a& 
combustion  zone  and  which  is  related  to  the  retardation 

of  the  reaction  apparently  as  a„.£-9Tf§@3^SCl'isorbll  “ra*  J 
ing  off  of  the  active  centers,  which  were  aa&oxova 


2  . 
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SSwJ'6‘?n"M-  Ser  the  ’conditions  of  our  experiment 

.?s?r?o:Lsrdri°my«iiraSioSasf  «s  s»^»£. 

ness*  A  parallel  course  .an  ch.  diaxna.^  8  J 

brightness  and  the  aecrease  p  the  initial  hea.in, 

is  analogous  to  the  slope  (knod;  of  ^p  and^x  in  tne 
case  of  a  hydrogen  flame  (figure  2  (5)),  jppearo  -£* 


the  "following  table  where  there  «*-*  '  '  which 

A  m  fi  am*  "hi?!  BB6S  ( CiU8lXitJci V©Xy /  $ 

s  =S>ir 

of  the  reaction  vessel : 


CHI  p  * 

.  .T  .  * 
flame 

brightness 


0  2  3  4  5  6  7  8  10 

0  4-  9  12  12  8  3  7  2 

;>x>.  br.br.bn  av.  pr.v .pr.av .hr. 

3  ■«  5 ‘87  mm  Hg;  Gf  -  2,02;  t°ax  =  753°C) 


Abbreviations:  hr.  - 
pr.-poor; 


bright; 

v.  pr. 


av»  -  average; 
*  very  poor 


Si 


0«tt 


As  is  seen  from  this 
table  the  minimum  A  T  coin- 
Still*®!  cides  with  the  *ini®»  s 

PS$fB3W|K8gfflft  ’  brightness ,  from  which  follows 

a  direct  relationship  between 

and  the  rate  of  combustion. 
ViBHi  •  Trie  damping  action  of 

the  probe  ai-ises  in  the  case 
*®saMI™fe®  of  the  richer  mixtures:  at 

.  Oc  <  1  the  flame  may  be  com- 
Pisrare  1  pletely  absorbed  upoxi  the  in- 

Ilfc  Production  of  the  probe.  Fur¬ 

thermore  ,  as  also  in  the  case 
of  the  hydrogen  flame  the 


ire  1 


r 


enough  pressures  the  curve AT:/  has-  a  smooth  slope 

**.  -  °  *'  ^  .  jl. _ t  /3  4  isv\1  <s,«irrt&A  4  n  f’l  MIT 


displayed  in  figure  1, 
at  p  **  7  AS  » 

4.05,  the  upper  curve  at  p  »  8»?4^Mi, 
and  Cfe.  «  2.14*  We  add  that  in  these  also 
analogous 'cases  the  flame  brightness- is  practically 
independent  of  the  position  of  the  prone  (/)■*  Mot  this 


Such 'curves 4  in  particular,  are 
where  the  lower  one  is  obtain* 
6 
t 


S8W  C 
! 

ass 

max 


^  an 
72% 


i 


"s 

J,,  b> 


may 


be  assumed  that  the  introduction  of  the 

substantially  does  not  ai 


cohc  ©titration  of  the  active  centers  in  trie 


Xs  00.  son 

probe-  in  tb.cT  combustion  zone 

feet  the  vvuwvaaw* v» v-.v«.  >»• —  - — y  —  —  .  .  ^ 

flame  (this  effect  is  bounded  by  a  quite  moderate  Vux~ 
urn®,  which  continually  surrounds  the  catalyst)  ^ am*  tje 
observed  initial  heating  A  $  closely  correspoms  *»o  their 

actual  concentration*  -  .  .  .  .  - 

Another  9  even  more  convincing!  «>  ^  cxoi&obs  ^ration  ox  ^ 

the  recombining  character  of  tne  initial ^beating  l^es  in 
the  fact  wa  established  that  the  measured  ini  via*.  h©e*.*~ 
ing  is  observed  solely  in  the  presence  of  the  frame.  In 


parti 


vai* 


-ular, 
which,  it  £ 
temperatures  o 
tiai  heating  A  $  * 


is  seen  fro®  th 


data  of  table 


in 


.that 


^  jl.  IS 

4"  the 


3i  spite 
catalyti 
t  -  t^  (t 


1  ? 

of  the  closeness  of  the 
„  thermocouple  (t) ,  the  ini- 
is  the  temperature  of  the 

control  thermocouple )  is0 the^ absence  of  the  flame  f'^1) 
is  eaual  to  aero.  In'  this  regard  especially  demonstra¬ 
tive  ‘is  a  comparison  of  experiments  Nbs  bb  and  «/,  as 
here  -the-  initial  partial  pressures  of  acetylene  and  oxy 
in  the  burning  gas  (No  8?)  is  less  than  che  corres 


gen 


ficanx 
but 


ing:  pressures  of  the  unburned  gas  (No  65)  | 
t  initial  heating  is  not  less  in  the  first 
in  the  second  .case  it  is  equal 


corres 

sign! 

C&S  8  $. 


to  aero 


at 


Prom  the  foregoing  it  is  clear  that  the  initial 
heat-*  a*  in  the  acetylene*  flame  which  we  have  observed, 
least  under  the  conditions  of  our  experiment  (rexaaive- 
lv  low  temperatures  and  pressures) , -  is  depenaent  practi¬ 
cally  solely  on  the  recombining .active  centers  on  hue  sur¬ 
face"  of  the  catalyst.  {Notes  for  table  1  see  page 

r£ii<s  following,  significantly  more  difficult,  ques¬ 
tions  are  Questions "on  the  nature  of  these  active  can aero. 
Spectroscopic  investigation  of  the  acetylene-air  flame 
has  indicated  the  presence  in  the  xiame  of  the  rauxUi& 
oh.  CH.  CU  and  BOO.  According  to  the  computations  by 
Avramenko^ ( 2)  based  on  the  measurements  of  the  adsorption 
spectrum  of  by dr oxy 1 ,  the  average  concentration  or  this 
radical  in  the  flame  corresponds  to  the  pressure  of  an 
order  of  magnitude  of  several  hundred  fractions  of  a  mil¬ 
limeter  of  a  column  of  mercury  (at  a  pressure  of  the^ or¬ 
der  of  several  tens  of  millimeters) i  As  concerning  cue 
» concentration  of  the  radical  CH,  our  computations  from  j 


the  relative  intensities  of  luminosity  of  and 
at  a  set  normally  likely  luminosity  of  CH  (of  -3  i000 
of  10®  sec"-1)  leads  to  the  ratio  P0F  ;  Peg 
At  a  still  lower  concentration  C^Oi)  is  the  raaicai 
further,  the  low  intensity. of  the  luminosity  band  ox 
pen  allows  one  to  state  that  the  concentration  of  this 
radical  in  the  flame  may  also  be  taken  as  a  insxgnifi 

caau  a.aoant.  ^ ^  radicals  which  were  detected  m 
continuous'  spectroscopy,  in ^he^acetylene^flame^nere^ 


needs  be  assumed  also  the  pre sene 


ters,  .'.which  xb  iiw\'  — 77  **  hv- 

indirect  considerations,  inue ,  in  tne  reaction  Ox  j 
dr  owl  and  other  active  centers  with,  a  molecule  of >ac 
VI  one  there  needs  to  he  related  the  appearance  of  the 
f  H  radical .  Further ,  as  a  result  of  the  reaction  Ox 

hydroxyl  "with  carbon  dioxide,  which,  is  found  in  we 
acetylene  flame  at  a  considerable  concentration _v 
are  formed*  atoms  of  hydrogen.  It  is  ** 

foregoing  is  accounted  for  also  as  J  *e&2.1)L®f  fcE 
th<=*t1  c'al  reaction  -C„H  +  CU  *  CO  +  HCO  -*■  200  +  H.  in 
the  conditions  of  thi  flayg  atoms  of  hydrogen  ungouWed- 
IV  yield  atoms  of  oxygen  (the  reaction  H  +  02  *  0j  + 
who®e  appearance  may  be  related  to  the  reaction 
S  ;  of  £  HCO  ♦  0.  The  probability  is  not  excluded  oi 
the  presence  of  still  >ther  active  centers  in  the  flame 

(for  example,  the  radical  CHg). 4  H  ,  rer,„ 

Concerning  the  concentrations  of  the  active  cen 
-entire*:  they  may  be  computed  only  very  approxi¬ 
mately.  Thus,  allowing  the  invariance  istatsioharnost  ) 
of  the  radical  C0H  and  the  related,  disappearance  01  it 

Ui  .  .  2.  _  _ _  ^-*4*  am,™  +  V.  /+.nnA  i  In  nns 
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likelv  on  the  basis  of  one  or  another 


e&rance  of  the 
the  reaction  of 
found  in  the 


in  reaction  with  'oxygen,  we 


set  down  the  conditions 


of  the  invariance  in  the  form  of s 


2  kiPiPC 


1/  C^-H^  "  VgJLL  Wjj 

rtial  pressure  of  the  i-th  active  cen 

*  ...  14  «  .  ..  *1  / 


where  p,  is  the  partial  pressure  01  rne  x-cn  aouivo 
ter*  of  4he  free  atom  type  (K,  0)  or  a  ^radical  (OH  an  . 
others);  p0  «  »  P0  1  PC.R  arc  the  partial  P^^C°H* 
acetylene  ,2 ”2  °2  oxygen  and  the  iad*c«lsupH, 

V  and  k.  are  the  constants  in  the  rates  of  the  corres- 
pending1 'reactions.  In  view  of  the  fact  that  the  cons¬ 
tant  "may  scarcely  make  a  contribution 

tant  ir*  we  must  conclude  on  the  basis  of  the  foregoing 

tw«t  «t  n**r  p ,  „■  and  pA  the  concentration,  of 
?Se  rSicsfo0H  mSSVaC2n2of  af°2  order  of  magnitude 
not  less  thsn^the  concentration  of  the  most  ab^dant 
active  center,  such  as,  it  appears ,  is  atomic  i^droben  j 


I  (cf  below).  ,• 

We  can  evaluate  the  concentration  of.  the  atoms 
of  hydrogen  and  oxygen  in  the  acetylene  flame  starting 
from  the” known  concentration  of  hydroxyl »  which  is  un- 
•  doubtedly  invariant  (st&tsionarnaya) »  as  also  the  con¬ 
centration  of  E  and  0  (!?)«  Relating  the  appearance  of 
hydroxyl  in  a  reaction  with  these  atoms  to  that  corres- 
ponding  -  to  oxygen  and  acetylene*  and  the  disappearance 
of  hydroxyl  *  is  its  reaction  with  acetylene |  and  so, 
frotf  -the  condition  we  will  have 

*  „  ,  'em**  HkWttffW*' 

<  .  4t 

kI  P02  %  +  k0  pC?Hg  pO  “  k0H  PC2H2  P0H  *  ' 

Precisely  so  ,is  the  relating'  of  the  formation  of  _  atoms 
of  oxygen  in  the  reaction  of  H  with  Op,  and  the  disap¬ 
pearance  is  the  reaction  of  0  with  C  p  H ~ §  from  the  con¬ 
dition  4%5®  0,  we  will  obtain  “  ■  “  '  - 

W  '  ■ 

k„  Pk  « 


l 


kG 


and ,  consequently , 


k 


'  <£ 


OH  .pCoHp 


or,  setting  PCgHg 


%  ?  P0H 

p. 

>0. 


P0  • 


1 


JCAft 

Un. 


po 


.2 


"0 


PH  *  i'OH 


p0 


V  If 

un 

5  £1 


2  k 


0 
"OS 


,  of  the  constants  arising  in  this  ratio ,  only  the 
constant  is  known,  for  which  Voevodskiy  (6)  has  given 
the  following  formula: 


k nr  ®  6.4  *,.-10 

£ A 


■12 


18000 

a'1'  cr/eec. 


K1  * 


had  assuming 


*/®  *  © 

, ,  where  k, 

k,  equals 

xuu 

1|u-Br  «C“  «-«*.  Mfi*  Wts  •»£ 

5?  *  e  w  1 

»  2,  we  will  obtain  for  ®  ®  1000''  K 
%  :  >>0H  :  P0  *  6:  1  !  ^  ‘ 


Setting  approximately  kA  «  knw  «  k  ,  where  k%  i-8  the  core*? 
tent  of  the  reaction  0RU+  fit,  “®  HaT)  +  E, 

(h,S  d  *  100 

7*10“P2  t/t  *  e  M;  cm^/see , 


-  6 


lr,  &uch  a  way,  according  to  our  approximate  eval-* 
nation  the**  concentration  of  atomic  hydrogen  in  the  acet- 
vic-Re  flame  -must  be  'of  en  order  of  magnitude  greater 
IS  theTon^ntration  of  the  hydroxyl ;  the  concentra¬ 
tion  of  atomic  oxygen  must  be  one  oncer  oj.  aetfet^tade 
near  the  hydroxyl  concentration.  As  has  been  airejiuy  . 
shown  above,  the  average  concentration  of  hy aroxyl  au 


the  acetylene-air  flame 


a  pressure  of  some  tens  oj. 


•pil  1  i'meters  of  a  column  of  mercury  corresponds  to  a  - 
Srtiai  'pressure  of  the ‘order  of  a  hundredth  of  a  milli¬ 
meter.  Hence,  at  these  conditions  the  partial  pressure 
of  atonic  hydrogen  must  be  of  the  order  of  a  tenth,  mid 
of  atomic  oxygen  —  the  order  of  a  hundredth  ox  a  mil¬ 
limeter.  According  to  the  foregoing,  the  partial  P*‘©a- 
sure  of  the  radical  0.;>H  must  be  not  less  than  a  tench 
of  a  'millimeter *  We  fidd  that  the  partial  pressure  of 
the , radical  CH0  is  likely _rot  to  exceed  the  partial 

pressure  of*  this  radical .  Oh .  .  . 

How  then,  as  a.  result  of*  the  approximate ^ compu¬ 
tation  of  the  concentrations  of  the  various  radicals  m 
the  acetylene-sir  flame  we  arrive  et  the  conclusion ■ 
that  the  largest  concentration,  exceeding  nbe ■ concen¬ 
trations  of  the  remaining  active  centers  by  ten  times 
end  "more,  must  be  that  of  the  atomic  hydrogen  ana  the 
radical'  CoH.  Obviously ,  the  question  is  only  concerned 
with  the  Recombination  of  these  active  centers  ana  the 
related  initial  heating.  Concerning  the  atomic  hydro- 
■gen,  that,  as  is  known,  has  a  probability  of •  recomoin- 
im'on  the  2n0‘0r^0,  close  to-  one.  With  regard  to  tnat 
of  "the  r ec omblnatlfcoil  of  the  radical  C^H this  may  oe 
founded  upon  one  or  another  assumptions,  which  aowever 
are  difficult  to  establish .  2?hns ,  it  can  be  assumfea 
that' the  catalytic  recombination  of  C?H  is  related^ to 

the  process  2CpH.»  C„H?  +  C„  .  She*.,!®  “VS"???4 

the  possibility  of  a  ~  ‘-cataiSrtic  reaction  of  with 
oxygen.  Both  these- reactions  require  the  splitting  ox 
"the  molecule  02E  and  hence  must  be  attended  wit n  a  cer¬ 
tain  aetlvatiofs  energy.,  fherefore,  the  probability .  of 
the  recombination  (or  the  reaction) .  of  GpH  must  bemsrx— 
ediy  less  than  one ,  which  makes  it.  likely  to.  ascr^ue  a 
significant' 'share  of  the  recombination  thermal  eiiect 
(Yr  not  all  the  effect)  to  the  atomic  hydrogen. 

That  is  the  way  it  must  be  in  the  case  when  tne 
heat  balance  of  the  catalytic  thermocouple  is  -deter-  . 
joined  by  the  flow  of  gas.  If  the  very  basic  role  in 
the 'boat  balance  Is  played  by  the  diffusion  ,(&s  appears 
!  to  us  most'  probable) ,  then  as  a  .consequence  the  rate  of 
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Figure  2  Figure  3 

(Coordinates  in  Figure  2  are  in 
or  for  the  abscissa  and  run  the 
same  as  in  Figure  3.) 

diffusion  of  the  radical  C.-JS  must  be  one  order  of  magni¬ 
tude  less  than  the  diffusion  rate  of  the  atoms  of  hydro¬ 
gen,  and  under  similar  concentrations  for  both  the  init¬ 
ial  beating  must  be  dependent  mainly  on  the  recombina¬ 
tion  of  atoms  of  hydrogen.. 

1'td.s  conclusion  is  confirmed  by  our  measurements 
of  the  quantity  A  T  (initial  nesting).  The  results  of 
these  measurements  are  presented  in  figures  2,  5  &nd 
In  figure  2  the  measured  values  ^  T  are  shown  in  depend¬ 
ence  on  the  mixture  composition  (Of  )  at  various  maximum 
temperatures  (the  temperature  in  the  center  of  the  re¬ 
action  vessel)  and  at  a  pressure  p  •  ?.5  mm  Hg.  In  fig¬ 
ures  3  and  4  the  dependence  of  AT  on  <K  at  various  pres¬ 
sures'  and  two  constant  temperatures  t  *  ?20  C  (figure 
3)  and  t  «  680°C  (figure  4).  As  is  seen  from  these 
figures ,  the  maximum  initial  heating  which  was  observed 
in  the  center  of  the  reaction  zone  is  expressed  in  sev¬ 
eral  tens  of  degrees.  Arising  from  this  evidence ,  that 
the  initial  heating  3  T  is  dependent  on  the  recombina¬ 
tion  of  the  atoms  of  hydrogen,  and  taking  the  condi¬ 
tions  of  the  heat  balance  of  the  thermocouples  in_ the 
acetylene  flame  to  be  close  to  a  carbon  dioxide  flame, 
in  order  to  determine  the  order  of  magnitude  of  tire 
concentration  of  atomic  hydrogen  in  acetylene-air  flames 
we  employ  the  formula 

„  0.25*10~4  T  .  /See  Note  .7 

P  . 


8 


Prom  this  formula.,,  at  p  .*  10  mm  Hg  and  Js  2?  is  of  the 
order  of  several  tens  of  degrees  (cf  figures  1-4),  we 
obtain  for  the  partial  pressure  of  atomic  hydrogen  a 
quantity  of  the  order  of  0.01  mm  Hg.. 

(^ote7  Cf  our  following  article.  We  note  that 
in  the  case  of  the  hydrogen  flames  we  found 


»  5  *  iq"4/J t  (1 )'.) 


We  will  show  that  a  quantity  of  that  same  order 
of  magnitude  is  obtained  in  the  measurements  of  the  copy 
centration  of  hydroxyl .  (For  figures  4  and  5  see  p  10J 
Actually,  Avramenko  (2)  obtained  the  following 
partial  pressures  of  hydroxyl  in- an  acetylene- air  flame 
of  stoichiometric  mixture; 

p,  Him  ....  .  15  20  ;  25 


pQH»  •  .  •  .  .  0*008  0.024  0.045 

Extrapolating  these  values  to  p  *  10  rub,  we  will 
find  that  pr;,-.  is  of  the  order  of  0.001  mm,  that  is,  a 
magnitude  y'uone  order  less  than  that  calculated  by  us 
for  the  partial  pressure  of  atomic  hydrogen,  which  com¬ 
pletely  agrees  with  the  calculations  made  earlier  by  us 
for  the  relative  concentrations  of  H  and  OH. 

The  known  qualitative  basis  for  the  correctness 
of  our  conclusion  lies  in  the  fact  that  the  initial  heat¬ 
ing  T  is  basically  dependent  on  the  recombination  of 
the  atoms  of  hydrogen,  which  can  be  seen  also  from  the 
following  fact.  As  follows  from  the  foregoing  above 
(page  764)  the  relation  between  the  -partial  pressures  of 
atomic  hydrogen  and  hydroxyl  in  an  acetylene  is  approx¬ 
imately 


'Therefore , 
be  similar 


the  slope  of 
to  the  slope 


>H  pQH  . 

-  ■  PnW 

the  quantity  - ~ 

of  the  quantity  p 


the  measurement 


H. 


with  must 
Plotting 


of  Avramenko  (2),  at  various  pressures 
and  compositions  of  the  acetylene-air  mixture.  (  ),  for 
the  value  of  the  coefficient  of  the  absorption  of  hy¬ 
droxyl  ft?  ,  divided  by  00  (in  arbitrary  units)',  which 
coefficient  values  are  approximately  proportional  to  the 


average  values 


of 


OH 


0 C, 


we 

f 


actually  obtain  curves 
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Table-  1 


Legends  a)  Ember  of  experiment?  b)  KLaaer  o)  Does  not 
burn i  d)  Does  burn?  a)  Remarks  A  is  the  distance 
fror  the  end  of  the  burning  portion  of  the  reac¬ 
tion  vessel,  at  ■which  is  aeasured  the  vaxass 
presented  for  t°  and  tg. 
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Figure  5 
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(figure  c>) .  similar  to  the  curves  we  obtained  as  shown 
in  figures  3  and  4,  A  significantly  sharper  form  of 
the  maximum  of  the  curves  in.  figure  |  is  undoubtedly 
asc rib able  to  higher  pressures  (20,  50  ana  40  mm  Hg)  <uia 
temperatures*  .  However*  the  quantitative  comparison  or 
the  data  in  figures  5*  3  and  4  is  of  no  avail*  since  in 
the  experiments  of  Avramenko  the  temperature  of  tne 

flame  was  not  measured.  .  '  ^  _  ... ■ 

'  in  conclusion  we  present  certain  facts  relating,  — 

to  the  analysis  of- the  products  of  .the  combustion  os 
acetylene  under  the  conditions  of  -cur  experiments  (low 
pressures  and  temperatures) .  The  weak*  and  scarcely 
perceptible  odor  (at  oC  ^i)  which  is  apparent  upon  the 
evaporation  of  the  reaction  products  that  are-  frozen  out 
by  means  of  liquid  air  indicates  that  if  substances  of 
the  type  of  aldehydes  and  acids  are  also  formed  in  the 
acetylene  flame*  then  their  quantities  must  be  relative¬ 
ly  negligibly  small.  From  this  it  follows  that  the  main 
substances  condensing  in  the  trap  at  the  temperature  ox 
liquid  sir  and  at  a  pressure  not  exceeding  ten  iBillim®— 
ters  of  mercury  must  be  carbon  dioxide  and  water,  and 
also  unccnsumed  acetylene.  A  rough  approximate  analy¬ 
sis  of  the-  condensate  for  these  •substances  was  conduct¬ 
ed  in  the  following  manner.  After  freezing  them  out  in 
the  course  of  a  certain  time  t  the  -combustion  ceased, 
was  pumped  free  of  uncondensed  gas  |  the.  liquid  air  was 
removed",  after  which '  the  condensed  substances  evaporated 
into  a  certain  constant  volume  (equal  to  6025  cm2), 
gf&a  pressure  of  th&B&  substances  was  measured  wii<b  btia 
aid  of  a  U-shaped  manometer  filled  with  paraffin  oil  at 
every  -five  seconds,  and  a  curve  was  constructed  of  the 
increase  in  pressure,  measured  this  way,  with  time*  ihe 
P2?0S011C8  of  till*  6  6  pl©fc6©US  Xti  the  OUXV©  Of  BUCil  © 
indicate  that  three  gases  enter  into  the  condensate  com¬ 
position*  First  there  evaporates  acetylene^  ob Piously * 
An  the  course  of  the  first  1-1*5  minutes  after  the  re¬ 
moval  of  the  liquid  alr>  in  the  course  of  the  next  1-2 
minutes  carbon  dioxide  evaporates  and  finally ,  after  a  . 
prolonged  delay  of 'several  minutes  water..  The  height 


of  the  three  plateaus  yields 

Pm?  8Ixd  P0oHo  +  pC0.  +  pH..O 

d  £* 


in  this  way,  p«  p  , 
,  from  which  '2  l2 


P°2H2+ 


"find  the  partial  pressures,  of  CUHp 
tvm«  v  ( -n .  1  *  Prom  the  values  ■ 


and  HpO  in 
p.  found  in 


the  volume  ?  (p.  ).  From,  the  values  of  '  p*  found 
this  way  it  is  &ot  difficult  to.. find  the  volumes  vj 
cording  to  the  formula  m  EiJL~ 
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pressure. 

Considering,  further,  that  along  with  C0o  and 
EUG,  'there  are  formed  in  measurable  quantities  ilso 
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formula 


.oxide 

and  hydrc 

>gen 

. volum 
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VU 

2 

d  , 

which,  arises  from  the  carbon  and  hydrogen  balances  in 
the  mixture ,  we  find  the  volumes  v^A  and  Vg  i 

'2 

voo  -  2(vc.,h„  -  vO,0sJ  ~  vco,*  ' 


r„  .«•  v„  „ 

jl^,  w,.K 

<£  C  . 


^f«  IT  “  j*i  I 

U2‘A2  ■  *  2° 


here  v«  F  is  the  continually  measured  volume  of  acetyl¬ 
ene  ^2"i2  which  enters  each  second  from  the  gasometer 
into  the  reaction  vessel. 

We  display  the  results  of  two  such  analyses  in 
table  2, 

The  volumes  here  are  given  in  cubic  centimeters 
per  second*  In  the  following  columns  of  the  table  the 
percentage  of  consumption  of  acetylene  are  displayed » 
calculated  according  to  the  formula 

OO.-f  *00 

rc 

0  0  100  % 

vCoH, 
d  c. 

As  is  seen  fro®  this  table,  under  the  conditions 
of;  our  experiment  the  volume  obtained  of  the  carbon  mon¬ 
oxide  exceeds  by  2-3  times  the  volume  of  carbon  dioxide, 
which  indicates  a  considerable  concentration  of  00  in 
the  flame,  from  the  table,  further,  it  follows  that  if 
the  main  products  of  the  combustion  of  acetylene  are, 
in  terms  of  carbon,  carbon  monoxide ,  then  in  terms  of 
hydrogen  the  main  product  is -water,  which  undoubtedly 
.it  is  necessary  to  ascribe  to  the  greater  ease  of  oxid¬ 
ation  of  H  in  comparison  with.  CO,  For  this  reason  the 


„  /  9 
**  *  A* 


concentration  of  hydrogen  in  the  flame  (under  the  condi-  { 
tione  of  the  experiments  under  consideration)  must  he 
relatively  small . 


CONCLUSION 


The  method  of  the  thermoelectric  probe  is  applied 
to  the  study  of  ratified  acetylene-air  flames,  burning 
at  pressures  up  to  ten  tarn  Hg  and  at  temperatures  near 
-1000°  K,  and  at  various  mixture  compositions.  There  are 
presented  considerations  which  permit  the  observed  addi¬ 
tional  initial  heating  of  the  thermocouple  coated  with 
ZnOCr^O*  to  he  ascribed  to  the  catalytic  recombination 
of  atomic  hydrogen.  The  determined  concentration  of  the 
atomic  hydrogen "thusly  established  in  the  flame  is  of 
an  order-  of  magnitude  which  coincides  with  that  calculi 
ated  "from  the  known  concentration  of  hydroxyl.  In'  absol¬ 
ute  value ,  at  a  pressure  of  10  mat  Hg  and  at  a  temperature 
of  1000°  if,  the  partial  pressure  of  atomic  hydrogen  in 
the  center  of  the  combustion  zone  is  of  the  order-  of  a 
hundredth  of  a  millimeter. 
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